Introduction
One-third of patients with diabetes have ocular complications. 1 Retinal vascular leakage can lead to an accumulation of excess extracellular fluid, manifesting as diabetic macular edema (DME). 2 Half of all people living with diabetes mellitus reside in Asia, 3 and the prevalence of diabetes mellitus in China increased 14-fold between 1980 and 2008. 3 The prevalence of diabetes and diabetes-related complications, including DME, is increasing worldwide, 1, 3 and is reported to be 5. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .2% of all cases of diabetes in China. 3 The role of vascular endothelial growth factor (VEGF) in the pathophysiology of diabetic retinopathy and DME has been well documented. 2, 4 VEGF modulates the development and maintenance of the vasculature, and its expression is upregulated in patients with diabetes, resulting in excessive angiogenesis and increased vascular permeability, including that in the eyes. 2 Intravitreal anti-VEGF therapy has become the standard of care for managing DME due to the favorable benefit-risk profile. 5 However, it has been suggested that DME diagnosis and management remain suboptimal in many patients with diabetes, particularly in Asia where limited screening is conducted and patients tend to present far later in the course of their DME than in other regions. 5 The phase 3 VIVID and VISTA studies compared visual and anatomic outcomes in patients with DME treated with intravitreal aflibercept (IVT-AFL) every 4 weeks or every 8 weeks (after 5 initial monthly doses) versus those treated with laser photocoagulation at 127 sites in the United States, Europe, Japan, and Australia. [6] [7] [8] Findings showed that IVT-AFL was superior to laser treatment in improving functional and anatomic outcomes at 52 weeks. 6 The treatment benefits were maintained over 148 weeks, providing evidence for a therapeutic option with a longer injection interval, which reduces the treatment burden on patients and physicians. 8 To date, information regarding the efficacy and safety of intravitreal anti-VEGF therapy in Asian patients has been limited. The present 52week study, VIVID-East, evaluated the efficacy and safety of IVT-AFL either every 4 weeks or every 8 weeks (after 5 initial monthly doses) compared with macular laser photocoagulation (with sham injections) in Asian patients with DME, including a subgroup of patients from China.
Methods

Study Design
VIVID-East (NCT01783886) was a 12-month doublemasked, randomized, active-controlled, phase 3 trial conducted in patients with DME. The study was carried out at 25 centers across China, Hong Kong, the Republic of Korea, and Russia (see supplementary Information). Each clinical site's respective Institutional Review Board reviewed and approved the protocol, and the study was conducted in accordance with the ethical principles in the Declaration of Helsinki and the International Conference on Harmonization E6 Good Clinical Practice Guideline.
All participants provided written informed consent prior to enrollment.
Participants and Treatments
Adult patients (aged ≥18 years) with type 1 or 2 diabetes mellitus who presented with clinically significant DME involving the center of the macula (defined as the area of the center subfield of optical coherence tomography [OCT]) in the study eye were included. Eligible patients had central retinal thickness (CRT), as assessed by OCT, ≥300 µm and the best corrected visual acuity (BCVA) Early Treatment Diabetic Retinopathy Study (ETDRS) letter score between 73 and 24 (20/40 to 20/320 Snellen equivalent) in the study eye. Only 1 eye per patient was enrolled in the study. Patients were excluded from the study if they had an ocular condition with a poorer prognosis in the fellow eye than in the study eye, any surgical interventions or laser photocoagulation in the study eye within 120 and 90 days of day 1, respectively, any treatments with corticosteroids or anti-angiogenic drugs in either eye within 90 days of day 1, active proliferative diabetic retinopathy in the study eye, or a history of idiopathic or autoimmune uveitis in the study eye.
Eyes were randomized 1:1:1 to receive either: 2 mg IVT-AFL every 4 weeks (2q4; a maximum of 13 injections) with sham laser; 2 mg IVT-AFL every 8 weeks (after 5 initial monthly doses from baseline to week 16; a maximum of 9 injections) with sham injections on nontreatment visits (2q8) with sham laser, or macular laser photocoagulation using the modified ETDRS protocol at baseline and sham IVT-AFL injections at every visit (laser control group). All participants were evaluated for laser retreatment at week 12. Criteria for laser treatment were thickening of the retina at or within 500 μm of the center of the macula; hard exudates at or within 500 μm of the center of the macula, if associated with thickening of adjacent retina; or a zone or zones of retinal thickening 1 disc area or larger, any part of which is within 1 disc diameter of the center of the macula. In participants meeting the criteria for laser treatment, the 2q4 and 2q8 groups received sham laser and those in the laser group received active laser, but not more frequently than every 12 weeks.
Study eyes in all treatment groups were reevaluated for treatment at week 24 and could receive additional (rescue) treatment from week 24 onward if they lost, owing to worsening DME, ≥10 letters at 2 consecutive visits or ≥15 letters from the best previous evaluation, and BCVA became worse than that at baseline. When criteria for additional treatment were met, study eyes in the 2q4 and 2q8 groups received active laser treatment (rather than sham), but not more often than once every 12 weeks, while patients in the laser group received 5 initial monthly doses of 2 mg IVT-AFL followed by dosing every 8 weeks.
Outcome Measures
The primary efficacy endpoint was the mean change in BCVA in ETDRS letter score from baseline to week 52. The secondary efficacy endpoints were (a) proportion of eyes that gained ≥10 ETDRS letters from baseline to week 52; (b) proportion of eyes that gained ≥15 ETDRS letters from baseline to week 52; (c) proportion of eyes with a ≥2-step improvement from baseline in the Diabetic Retinopathy Severity Scale (DRSS), as assessed by fundus photography from baseline to week 52; (d) change in CRT from baseline to week 52 as assessed on OCT; (e) change from baseline to week 52 in National Eye Institute Visual Functioning Questionnaire-25 (NEI VFQ-25) near activities subscales; and (f) change from baseline to week 52 in NEI VFQ-25 distance activities subscales. According to the NEI VFQ-25, near activities are defined as reading ordinary print in newspapers, performing work or hobbies requiring near vision, or finding something on a crowded shelf. Distance activities are defined as reading street signs or names on stores, and going downstairs, steps, or curbs. Safety outcomes were also assessed.
Statistical Analyses
Demographic data and baseline characteristics were summarized using descriptive statistics. The primary efficacy endpoint was evaluated for the full analysis set (FAS) population, which comprised all randomized participants who received any study treatment, had a baseline measurement of BCVA, and had ≥1 postbaseline assessment of BCVA. The primary endpoint was assessed using an analysis of covariance model with baseline BCVA measurement as a covariate and treatment group and geographic region (China vs Russia vs Hong Kong/Republic of Korea) as fixed factors. Analyses for all secondary efficacy endpoints were conducted in the FAS population and were tested for superiority of either IVT-AFL group over the laser group in a hierarchical testing procedure following order (a) to (f), as described in the "Outcome measures" section. A P-value <0.05 was considered to represent superiority for a given endpoint in the hierarchical analysis of secondary endpoints only if all preceding endpoint comparisons in the hierarchy (including the primary endpoint) were shown to be statistically significant at P<0.025. The proportion of patients who gained ≥10/ ≥15 ETDRS letters from baseline to week 52 was compared using a Cochran-Mantel-Haenszel test, stratifying by geographic region. Last observation carried forward was the primary method used to replace missing values. Leastsquares mean values are reported. For patients receiving additional (rescue) treatment, all efficacy data were censored from the time rescue treatment was initiated, and the last observation before rescue treatment was given was carried forward.
Results
A total of 381 patients were randomized across the three study arms (Figure 1 ). Three patients randomized to the laser group were withdrawn from the study prior to receiving treatment due to study protocol deviations (n=2) and withdrawal of consent (n=1). A total of 355 patients (93.2%) completed the 52-week study ( Figure 1 ). Baseline demographics and characteristics were well balanced across treatment arms (Table 1 ). Mean treatment compliance was at least 99% in all dose groups through week 52. A total of 91.9% (in the laser photocoagulation group) to 93.7% (in the 2q8 group) of patients received all scheduled injections (active or sham). The mean (SD) number of treatments was 12.6 (1.9) and 8.7 (1.1) IVT-AFL injections in the 2q4 and the 2q8 groups, respectively, and 2.4 (1.1) laser treatments in the laser photocoagulation group. One (0.8%) and 4 (3.1%) patients in the 2q4 and 2q8 groups, respectively, received 1 active laser treatment from week 24 onward, while 8 patients (6.3%) in the 2q4 group and 4 (3.1%) in the 2q8 group met additional treatment criteria but did not receive laser treatment. One patient in the 2q8 group received additional laser treatment without having met the additional treatment criteria. Forty-five patients (36.3%) in the laser photocoagulation group received additional treatments with IVT-AFL. The mean (SD) time to first additional IVT-AFL treatment from week 24 onward was 48.7 (56.5) days, and the mean (SD) number of additional treatments received was 4.6 (1.6) with a range of 2-7 treatments.
Efficacy
IVT-AFL was associated with a clinically meaningful and statistically significant improvement from baseline in BCVA compared with laser photocoagulation at 52 weeks. The mean (SE) BCVA in the 2q4 and 2q8 groups was +13.6 (0.9) and +13.1 (1.0) letters, respectively, compared with −0.5 (1.4) letters in the laser photocoagulation group (both P<0.0001) ( Figure 2A ). An improvement in BCVA versus baseline was observed as early as week 4 with IVT-AFL 2q4 and 2q8, with continued improvement observed through week 52 in both IVT-AFL treatment groups. BCVA improved in patients randomized to laser photocoagulation from baseline through week 12, after which a gradual decline was observed through to week 52.
At week 52, the proportion of patients that gained ≥10 letters from baseline in the IVT-AFL 2q4 and 2q8 groups compared with the laser group was 70.9% and 62.7%, respectively, versus 23.4%, (both P<0.0001). A significantly higher proportion of patients treated with IVT-AFL (2q4 and 2q8) also achieved a ≥15-letter gain in ETDRS letters compared with laser photocoagulation (both P<0.0001) ( Figure 3A) . Similarly, significantly greater proportions of patients treated with IVT-AFL 2q4 and 2q8 compared with those treated with laser photocoagulation had a ≥2-step improvement in DRSS score from baseline to week 52 (60.7% and 62.3%, respectively, versus 21.7%; both P<0.0001) ( Figure 3B ). The mean change in CRT from baseline to week 52 was significantly greater in both IVT-AFL 2q4 and 2q8 groups compared with the laser group (−231.1 µm and −232.0 µm, respectively, versus −100.6 µm; both P<0.0001).
From baseline to week 52, the mean (SE) change in NEI VFQ-25 scores for near activities was significantly greater in both IVT-AFL 2q4 and 2q8 groups compared with the laser group ( 
Chinese Subgroup
The largest ethnic subgroup randomized in VIVID-East was comprised of Chinese patients (n=301; 79.6% of the overall study population). Of these, 280 (92.4%) patients completed the 52-week follow-up period. Baseline demographics and disease characteristics were comparable to the overall study population ( Table 1 ). The proportion of the Chinese subgroup patient population who received all planned injections during the treatment period was 91.1% and 94.1% in the 2q4 and 2q8 groups, respectively. Visual and anatomic outcomes in the Chinese subgroup were consistent with the overall population. The mean (SE) change in BCVA from baseline to week 52 was +14.1 (0.7) and +13.2 (0.9) letters in the 2q4 and 2q8 groups, respectively, compared with −0.4 (3.4) in the laser photocoagulation group (both P<0.0001) ( Figure 2B ). The mean change in CRT from baseline to week 52 was significantly greater in both IVT-AFL 2q4 and 2q8 groups compared with the laser group (−245.0 µm and −244.9 µm, respectively, versus −103.9 µm; both P<0.0001).
From baseline to week 52, the mean (SE) change in NEI VFQ-25 scores for near activities in the IVT-AFL 2q4 and 2q8 groups was 5.30 (2.19) and 7.72 (2.03), respectively, compared with 1.04 (2.27) in the laser group (P<0.05 for 2q8 versus laser treatment). For distance activities, the mean (SE) change from baseline to week 52 was 2.99 (2.00) and 8.62 (1.69) for the 2q4 and 2q8 groups, respectively, versus 1.95 (2.00) for the laser group (P<0.05 for the 2q8 group).
Safety
Incidence of ocular and nonocular treatment-emergent adverse events (TEAEs) was similar across groups ( the laser photocoagulation group. TEAEs were mild in intensity for most participants in the IVT-AFL groups. Moderate and severe ocular TEAEs were more common in the laser photocoagulation group. In patients treated with IVT-AFL, the most frequently reported ocular TEAE in the study eye was conjunctival hemorrhage (11.8%). All events of retinal hemorrhage (8.7%), retinal aneurysm (7.5%), and retinal exudates (5.5%) were mild in intensity. Severe ocular TEAEs occurred infrequently in IVT-AFL-treated patients (eye pain, macular edema, ocular hypertension, posterior capsule opacification [n=1 each]). Overall, incidences of increased intraocular pressure and cataract were 3.1% and 0.8% of patients, respectively, in both the IVT-AFL 2q4 and 2q8 treatment groups, with no observed differences between treatment groups. There were no reported cases of endophthalmitis or intraocular inflammation. One patient in the laser group experienced three serious ocular events (glaucoma, hyphema, and vitreous hemorrhage) that were considered drug-related, injection-related, and laser-related. The incidence of nonocular serious adverse events and arterial thromboembolic events defined by the Anti-Platelet Trialists' Collaboration criteria was low and similar across treatment groups (3.1%, 2.4%, and 1.6% of patients in the 2q4, 2q8, and laser groups, respectively). No deaths were reported in the study. Notes: a One patient experienced three serious ocular events (glaucoma, hyphema, and vitreous hemorrhage) that were considered drug-related, injectionrelated, and laser-related. Abbreviations: 2q4, 2 mg every 4 weeks; 2q8, 2 mg every 8 weeks; AE, adverse event; APTC, Antiplatelet Trialists' Collaboration; IVT-AFL, intravitreal aflibercept; TEAE, treatment-emergent adverse event.
Discussion
The VIVID-East study demonstrated the efficacy and safety of IVT-AFL for treating DME in Asian patients, including a large subgroup of Chinese patients, the largest subgroup represented in this study. Findings confirm that the treatment benefits of IVT-AFL are similar in Asian patients with DME from China, Russia, the Republic of Korea, and Hong Kong compared with the overall populations of the previously conducted VIVID and VISTA phase 3 studies. [6] [7] [8] Numerical improvement in BCVA was seen as early as week 4 (the first post-treatment time point) with IVT-AFL 2q4 and 2q8. By week 20, BCVA had improved by a mean of 10.0 and 10.3 letters in the 2q4 and 2q8 groups, while the laser group had the largest improvement at week 12 (2.1 letters) and then slowly declined through to week 52. The improvements in the IVT-AFL groups increased further through week 52. The numerical values for the mean change in BCVA at week 52 in the VIVID-East treatment groups were +13.6 (2q4) and +13.1 (2q8) letters, compared with +12.5 (2q4) and +10.7 letters (2q8) in VISTA, 6 +10.5 (2q4) and +10.7 letters in VIVID. 6 The reasons for slightly different numerical outcomes are varied, and may include a younger mean age at study entry (58.5 years in the VIVID-East study and 63.6 years in the VIVID study) or differences in mean baseline BCVA with 55.9 and 60.1 letters observed in the VIVID-East and VIVID studies, respectively. In addition, >60% of Asian patients achieved a ≥2-step improvement in DRSS score at week 52. There was a robust and rapid reduction of CRT in both IVT-AFL groups, with significant improvements over the laser group. Again, this improvement was seen as early as week 4. It has previously been acknowledged that DME diagnosis and management remains suboptimal in many patients with diabetes, particularly in Asia. 3 Reasons for this include limited screening, and many patients present late into the course of the condition with poor visual acuity. 5 In China and Russia, more than 50% of patients with diabetes remain undiagnosed and untreated, 1 which may ultimately result in irreversible vision loss. It has been highlighted in the literature that lack of access to eye specialists, lack of adequate clinical guidance and low awareness of diabetes, diabetic retinopathy, and DME limit the optimal management of these conditions in many Asian countries. 5 As a consequence, healthcare centers and resources are affected by the increase in diabetes seen in Asia in recent decades. In addition, treatment choices are influenced by cultural factors and sometimes inadequate patient-physician interactions. Taken together, these challenges mean that patients in Asia tend to present with more advanced disease compared with other regions. The cost of anti-VEGF therapy is also a key barrier to treatment for patients in Asia with DME 5 and, because the treatment of DME is not reimbursed in several Asian countries, the number of anti-VEGF injections currently administered by clinics is thought to be lower than in clinical trials. 5 Treatment recommendations for the management of Asian patients with DME are largely based on studies performed outside the region, with limited data generated from the Asian population. 5 Recent evidence-based recommendations developed specifically for Asian countries highlight the need to enhance physician understanding of the importance of early intensive treatment to help optimize patient outcomes. 5 While many Asian ophthalmologists still consider laser photocoagulation treatment as the mainstay treatment option, the latest recommendations suggest early and intensive anti-VEGF therapy as a first-line treatment for patients with center-involving DME with vision loss. In the present study, comparable outcomes observed in the IVT-AFL 2q8 versus 2q4 groups may indicate that initial therapy for the first 5 months followed by a reduced frequency of treatment is feasible without compromising efficacy. The latest recommendations for clinical management of DME in Asia state that the choice of anti-VEGF agent treatment depends on baseline visual acuity. 5 Treatment guidelines highlight the Protocol T study, which demonstrated that in patients with poor baseline visual acuity who may present late, IVT-AFL may offer better results compared with alternative anti-VEGF treatment over 1 year. 9 Furthermore, a previous study conducted in Asia demonstrated that IVT-AFL was an efficacious treatment option for DME in Asian patients who were refractory to monoclonal antibody-based anti-VEGF therapy. 10 The safety outcomes from the current study were consistent with the known safety profile of IVT-AFL in DME. [6] [7] [8] TEAEs were mild in intensity for most patients in the IVT-AFL groups. There were no cardiovascular events or deaths, which have previously been identified as potentially associated with anti-VEGF therapy in patients with DME. 5 While this study provides valuable information for the management of patients with DME in Asia, it must be acknowledged that physician and patient education regarding this condition, and the implementation of screening processes to identify patients earlier in their condition, are key to improving care. These factors would also enable earlier initiation of treatment, as advocated by treatment guidelines. Future, long-term studies providing real-world evidence regarding the management of patients with DME may provide further insights into how the challenges in the Asian region can be best addressed to ensure optimal treatment and reduced burden of care. This study offers important insights into management of the Asian population, with a focus on Chinese patients with DME, the largest population subgroup represented. It is recommended that future studies also include a focus on additional countries in the Asian region.
Conclusions
The 52-week VIVID-East study in Asian patients with DME demonstrated that IVT-AFL treatment every 4 or every 8 weeks (after 5 initial monthly doses) significantly improved visual outcomes and simultaneously improved the severity of diabetic retinopathy compared with laser photocoagulation. Treatment benefits were observed in the overall study population, including in Chinese patients, the largest subgroup included in the study. These significant visual and anatomic improvements mirrored those observed in the VISTA/VIVID phase 3 trials with IVT-AFL.
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